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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE . 

Applicant(s) Marc SCHRADER et al. 

Serial No. To Be Assigned 

Filed Herewith 

For METHOD OF TRANSMITTING WIRELESS SIGNALS AND 

TRANSMITTER FOR TRANSMITTING WIRELESS SIGNALS 

Art Unit To Be Assigned 

Examiner To Be Assigned 

U.S. Patent and Trademark Office 
Assistant Commissioner 

for Patents 
Washington, D C. 20231 

PRELIMINARY AMENDMENT AND 
37 C.F.R. § 1.125 SUBSTITUTE SPECIFICATION STATEMENT 

SIR: 

Please amend without prejudice the above-identified application before examination, as 
set forth below. 

IN THE SPECIFICATION AND ABSTRACT : 

In accordance with 37 C F.R § 1.121(b)(3), a Substitute Specification (including the 
Abstract, but without claims) accompanies this response. It is respectfully requested that the 
Substitute Specification (including Abstract) be entered to replace the Specification of record. 

The Substitute Specification reflects the text of Revised Pages 1, 2 and 2a associated with 
the International Preliminary Examination Report. 

IN THE CLAIMS : 

Without prejudice, please cancel original claims 1 to 12 and new/substitute claims 1 to 
12, and please add new claims 13 to 24 as follows: 

—13. (New) A method for transmitting a wireless signal using orthogonal frequency division 
multiplexing, the method comprising: 
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modulating the wireless signal using digital phase modulation; 

scanning the wireless signal after modulation to generate a plurality of scanned values of 
the modulated wireless signal; 

determining at least one amplitude value of the wireless signal using the plurality of 
scanned values; 

comparing the at least one amplitude value to a predefined threshold to obtain a 
correction signal; 

determining a phase of the wireless signal; 

providing the correction signal with the phase of the wireless signal; 

subtracting the correction signal from the wireless signal after providing the correction 
signal with the phase of the wireless signal to reduce ones of the at least one amplitude value of 
the wireless signal that lie above the predefined threshold to a value of the threshold; 

pre-equalizing the corrected wireless signal; 

converting the pre-equalized wireless signal into an analog wireless signal using at least 
one digital-analog converter; 

amplifying the analog wireless signal; and 
transmitting the amplified wireless signal. 

14. (New) The method of claim 13, wherein the correction signal is subtracted from the 
wireless signal a plurality of times, the correction signal being re-determined for each 
subtraction. 

15. (New) The method of claim 14, wherein the correction signal includes Gauss pulses. 

16. (New) The method of claim 14, wherein the correction signal is subtracted from the 
wireless signal, until ones of the at least one amplitude of the corrected wireless signal are at 
most equal to the predefined threshold. 

17. (New) The method of claim 14, wherein a number of times the correction signal is to be 
subtracted from the wireless signal is predefined. 

18. (New) The method of claim 16, wherein the wireless signal is overscanned. 
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19. (New) A transmitter for transmitting a digital signal, the transmitter comprising: 

a modulator to perform orthogonal frequency division multiplexing (OFDM) and a phase 
modulation on a digital signal to be transmitted to form a modulated OFDM signal; 

a processor to scan the modulated OFDM signal to generate a plurality of scanned values, 
determine at least one amplitude value of the modulated OFDM signal, compare the at least one 
amplitude value of the modulated OFDM signal to a predefined threshold to form a correction 
signal, determine a phase of the scanned modulated OFDM signal, provide the correction signal 
with the phase of the modulated OFDM signal, and subtract the correction signal from the 
modulated OFDM signal after providing the correction signal with the phase of the modulated 
OFDM signal to reduce ones of the at least one amplitude value of the modulated OFDM signal 
that lie above the predefined threshold to a value of the threshold; 

a pre-equalizer to pre-equalize the modulated OFDM signal after the correction signal is 
subtracted from the modulated OFDM signal; and 

at least one digital/analog converter to convert the modulated OFDM signal into an 
analog signal. 

20. (New) The transmitter of claim 19, wherein the processor is operable to subtract the 
correction signal from the modulated OFDM signal a plurality of times and to re-determine the 
correction signal for each subtraction. 

21 . (New) The transmitter of claim 20, wherein the processor is operable to subtract the 
correction signal, until ones of the at least one amplitude of the corrected modulated OFDM 
signal are at most equal to the predefined threshold. 

22. (New) The transmitter of claim 20, wherein the processor is operable to subtract the 
correction signal from the wireless signal a number of times indicated by a predefined value. 

23. (New) The transmitter of claim 21, wherein the processor is operable to generate the 
correction signal, and the correction signal includes Gauss pulses. 

24. (New) The transmitter of claim 23 wherein the processor is operable to perform 
overscanning on the modulated OFDM signal.--. 
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Remarks 

This Preliminary Amendment cancels without prejudice original claims 1 to 12 
and new/substitute claims 1 to 12 in the underlying PCT Application No. PCT/DE00/03020, and 
adds without prejudice new claims 13 to 24. The new claims conform the claims to U.S. Patent 
and Trademark Office rules and do not add new matter to the application. 

In accordance with 37 C.F.R. § 1.121(b)(3), the Substitute Specification 
(including the Abstract, but without the claims) contains no new matter. The amendments 
reflected in the Substitute Specification (including Abstract) are to conform the Specification and 
Abstract to U.S. Patent and Trademark Office rules or to correct informalities. As required by 
37 C.F.R. § 1.121(b)(3)(iii) and § 1.125(b)(2), a Marked Up Version Of The Substitute 
Specification comparing the Specification of record and the Substitute Specification also 
accompanies this Preliminary Amendment. In the Marked Up Version, underlining indicates 
added text and bracketing indicated deleted text. Approval and entry of the Substitute 
Specification (including Abstract) is respectfully requested. 

The underlying PCT Application No. PCT/DE00/03020 includes an International 
Search Report, dated April 20, 2001 . The Search Report includes a list of documents that were 
uncovered in the underlying PCT Application. A copy of the Search Report accompanies this 
Preliminary Amendment. 

The underlying PCT application also includes an International Preliminary 
Examination Report, dated November 1, 2001, and an annex (including Revised Pages 1, 2 and 
2a and Substitute Claims 1 to 12). An English translation of the International Preliminary 
Examination Report and the annex accompanies this Preliminary Amendment. 
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Applicants assert that the subject matter of the present application is new, non- 
obvious, and useful. Prompt consideration and allowance of the application are respectfully 
requested. 



Dated: 




Richard L. Mayer 
(Reg. No. 22,490) 

One Broadway 

New York, NY 10004 

(212) 425-7200 

CUSTOMER NO. 26646 



439582 
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METHOD OF TRANSMITTING WIRELESS SIGNALS AND TRANSMITTER FOR 

TRANSMITTING WIRELESS SIGNALS 

FIELD OF THE INVENTION 

The present invention relates to a method for transmitting 
wireless signals and a transmitter for transmitting wireless 
signals, respectively. 



BACKGROUND INFORMATION 

M. Lampe and H. Rohling: "Auf wandsguns t ige Verfahren zur 
Reduktion der AuBerbands trahlung in OFDM- 

Funkiibertragungssystemen" [ Cos t-Ef feet ive Method for Reduction 
of the Out-Of-Band Radiation in OFDM Wireless Transmission 
Systems], a lecture given at the OFDM technical conference in 
Braunschweig on 09/03/89, printed in the proceedings of the 
conference, refers to a transmitter for transmitting OFDM 
(orthogonal frequency division multiplexing) signals, in which 
a reduction of the amplitude variance reduces out-of-band 
radiation caused by the nonlinearity of the transmitter, by 
subtracting an additive correction signal from the OFDM signal 
to be transmitted. The correction signal is the difference 
between a predefined threshold and the amplitude values of the 
OFDM signal that lie above the threshold. If the amplitude of 
the OFDM signal is less than the threshold at a specific 
instant, then the amplitude of the correction signal at the 
specific instant is zero. 

A method for correction of the amplitude variance is discussed 
in European Published Patent Application No. 735 731, in which 
generated partial signals are added with different signs, 
depending on amplitude statistics. In this manner, 
intervention in the coding is achieved. The additional 
information should be transmitted to the receiver, where it 
should be decoded. European Published Patent Application No. 
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743 768 discusses an envelope of a signal, which comprises 
many different signals, each modulated with frequency shift 
keying, being reduced by phase shift of these individual 
signals . 

SUMMARY OF THE INVENTION 

It is believed that an exemplary method and transmitter 
according to the present invention have an advantage in that 
the phase of the OFDM signal to be corrected is also impressed 
onto the correction signal, so that a bit error rate of the 
OFDM signal and thus the signal quality improve. In this 
manner, an expensive transmitter for OFDM signals may be 
modulated and utilized better. 

Furthermore, a less expensive transmitter may be used for a 
predefined transmitter power, since the amplifier of the 
transmitter is utilized better. 

The correction signal may be repeatedly determined and 
subtracted from the already corrected signal. In this manner, 
the influence of the correction signal on the OFDM signal may 
be minimized. Through such iteration, other signal components, 
which are enhanced by the correction signal, may be reduced 
again . 

Furthermore, the correction signal may be composed of Gauss 
pulses. Gauss pulses have the same shape in both the time and 
frequency domains, and propagation of a Gauss pulse in the 
time domain results in propagation of a Gauss pulse in the 
frequency domain. In this manner, the handling and composition 
of the correction signal may be simplified. 

In addition, the correction signal may be iteratively 
determined repeatedly and subtracted from the OFDM signal, 
until the OFDM signal no longer exceeds a predefined 
threshold. In this manner, an iterative method may prepare the 
OFDM signal optimally for a given amplifier of the transmitter 
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to optimally utilize the dynamics of the amplifier, without 
out-of-band radiation occurring. 

Alternatively, according to an exemplary method of the present 
5 invention, how long the correction signal is determined and 

subtracted from the OFDM signal may be preset with 
experimental values. This refinement may simplify iteration of 
the correction of the OFDM signal. 

10 Furthermore, overscanning may be performed on the OFDM signal 

before the correction is performed. In this manner, the 
amplitudes occurring in the OFDM signal may be established, 
since overscanning provides a more exact resolution of the 
OFDM signal to be corrected. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a transmitter for transmitting OFDM signals. 

Figure 2 is a block diagram of the steps of an exemplary 
20 method according to the present invention for reducing the 
amplitude variance in OFDM signals. 

Figure 3 is a block diagram of the steps of an exemplary 
method according to the present invention for correcting the 
25 OFDM signals in a processor. 

DETAILED DESCRIPTION 

Orthogonal frequency division multiplexing (OFDM) is a method 
used for mobile wireless applications. In OFDM, the signals to 
30 be transmitted are distributed to many sub-carriers, these 

sub-carriers having a specific frequency interval relative to 
one another, so that the signals distributed to the sub- 
carriers do not mutually interfere. This behavior is described 
as orthogonal. 

35 

OFDM is therefore used for digital broadcast transmission 
methods. These include DAB (Digital Audio Broadcasting), DVB 
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(Digital Video Broadcasting) , and DRM (Digital Wireless 
Mondial) . These broadcast transmission methods benefit from 
OFDM because only a small part of the broadcast signal 
transmitted is interfered with when a frequency-selective 
5 damping occurs, since the broadcast signal is distributed in 
multiple frequencies, and only one part of the signal is 
interfered with, which is transmitted on a frequency at which 
a strong damping occurs. The part of the signal interfered 
with is corrected by error detection and correction measures. 
10 These error correction measures may include error correction 

codes, such as block codes or convolution codes. 

In OFDM, summation in the time domain of the distributed 
signals occurs after the distribution of the signals to be 

15 transmitted to the sub-carriers, with the amplitudes being 

added, so that the amplitudes of the superimposed signals 
assume such a large value at specific instants that the 
amplifier of the transmitter is driven into its nonlinear 
range, so that frequency components outside the predefined 

20 frequency spectrum may arise. This may occur if the signals 

distributed to the individual sub-carriers constructively 
superimpose. Constructive superposition occurs if the phases 
of the signals are equal. 

25 If a signal, which is transmitted at a specific frequency, is 

given on a nonlinear characteristic curve, such as, for 
example, that of an amplifier, frequency components arise at 
multiples of the specific frequency. If these multiples are 
outside the transmission frequency spectrum, they are referred 

30 to as out-of-band radiation, since the signal energies outside 

the available spectrum are transmitted and lost for signal 
transmission because a receiver filters out the out-of-band 
radiation. In addition, the out-of-band radiation interferes 
with other transmission systems operating at the frequencies 

35 at which the out-of-band radiation occurs. 
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If new frequency components are present within the 
transmission frequency spectrum available, undesired signal 
components are demodulated in the receiver. Crosstalk may 
therefore occur. The signal quality and therefore the bit 
5 error rate of the signal received may be worsened thereby. The 

bit error rate indicates the number of bits detected 
incorrectly per bit received. To determine the bit error rate, 
error detection codes may be used. The OFDM signal is thus 
like a noise signal on the sub-carriers, after the 
10 distribution of the signals to be transmitted, with 

individually occurring amplitude peaks driving the amplifier 
of the transmitter into the nonlinear range. 

The ratio of amplitude peaks during a signal to the average 
15 amplitude of the signal is defined as the crest factor. 

Therefore, minimizing the crest factor drives the amplifier of 
the transmitter only in the linear range, thus utilizing it 
optimally . 

20 A transmitter for transmitting OFDM signals is shown in Figure 
1. Data to be transmitted is generated in a data source 1. 
Data source 1 may be, for example, a microphone. Microphone 1 
converts voice signals into electrical signals, and the 
signals are amplified, coded, and digitized. The digital 

25 signals are then transferred as a bit stream to an OFDM 

modulator 2. The amplification, coding, and digitization are 
performed by a signal processor, which is connected to 
microphone 1 . 

30 OFDM modulator 2 first performs a differential phase 

modulation of the signals to be transmitted. For this purpose, 
differential quadrature phase shift keying (DQPSK) may be 
used. DQPSK is digital modulation, in which the phase shift of 
the signal is modulated, for example, the phase shift in a 

35 specific time interval, that is, per bit, may be used as a 
modulation signal or a phase shift of ± 90° may be used. 
Differential modulation methods do not require an absolute 
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value to be established in the receiver to demodulate signals, 
since the information transmitted is contained in the phase 
shift of the signals transmitted. A bit sequence of 110 thus 
leads to a phase shift of +90° for each for the two ones and 
-90° for the zero. 

In addition to DQPSK, other differential phase modulation 
methods and further digital modulation methods may also be 
used, such as Quadrature Amplitude modulation (QAM) , in which 
both the phase and amplitude are modulated, and other types of 
phase shift keying (PSK) . 

DQPSK is a complex modulation method, since the bits of the 
bit stream, which are fed into OFDM modulator 2, are mapped 
onto phase changes. If a phase of the signal is changed, a 
complex plane is used for the graphic representation of the 
signals as vectors, with a real part being plotted on the 
abscissa and an imaginary part on the ordinate. A signal 
having a phase greater than zero is rotated around this phase 
counterclockwise outward from the abscissa in the complex 
plane . 

According to differential QPSK, OFDM modulator 2 performs the 
distribution of the signals to be demodulated to the sub- 
carriers, so that an OFDM signal arises. Since a complex 
signal arises as a consequence of the DQPSK, which OFDM 
modulator 2 performs, a first and a second data output from 
OFDM modulator 2 are connected to a first and second data 
input of a processor 3, to process two parts of the signal, 
that is, the imaginary and real parts, separately. 

Processor 3 first performs overscanning of the complex signal 
received from OFDM modulator 2. Experimental values indicate 
that at least fourfold scanning may be necessary to recognize 
the amplitude peaks with a high probability. With less 
scanning, an amplitude peak value may lie between two scanned 
values . 



6 SUBSTITUTE SPECIFICATION 



After overscanning, processor 3 compares the scanned values 
with a threshold, which is predefined and stored in the 
transmitter. The threshold determines which amplitudes are too 
high and therefore which ones would drive the amplifier into 
the nonlinear range. If a scanned value is greater than the 
predefined threshold, a difference between the scanned value 
and the threshold is produced. The correction signal receives 
the difference as the amplitude for the instant at which the 
scanned value is greater than the threshold. If the scanned 
value is equal to or less than the threshold, the correction 
signal receives an amplitude of zero for the instant. 

In a block diagram, Figure 3 shows a cycle that processor 3 
performs to establish the correction signal and subtract it 
from the OFDM signal to be corrected. The scanned values are 
applied as complex values to input 30 of the block diagram. In 
block 31, a polar coordinate pair is produced by a table of 
Cartesian coordinates that describe the complex number of the 
OFDM signal, so that the amplitude of the OFDM signal may be 
established. Since the complex OFDM signal includes an 
imaginary part and a real part, that is, Cartesian 
coordinates, only the coordinates of the complex number exist 
in a coordinate system, with the abscissa indicating the real 
part and the ordinate indicating the imaginary part. However, 
for a comparison between the threshold and amplitude of the 
OFDM signal, an absolute value of the complex number is 
required. The absolute value, however, is the square root of 
the sum of the individual squares of the coordinate values, 
that is, of the real part and of the imaginary part, and 
therefore is the length of a vector from the origin of the 
coordinate system to the coordinates of the complex number 
that describes the signal. 

In addition, the phase of the OFDM signal is established, 
since the phase is impressed onto the correction signal for 
the instant to enhance the quality of the corrected OFDM 
signal. The conversion from Cartesian coordinates into polar 
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coordinates provides both the absolute value of the complex 
OFDM signal and the phase. The phase of the complex OFDM 
signal is the angle from the abscissa to the vector of the 
OFDM signal, with measurement being performed 
5 counterclockwise. The CORDIC algorithm assigns the Cartesian 

coordinates to polar coordinates using a table. The amplitude 
and therefore the absolute value of the complex OFDM signal 
are compared in block 32 with a predefined threshold. If the 
absolute value of the complex OFDM signal is below the 
10 threshold, the output signal, and therefore the correction 

signal, is set to zero. If the absolute value of the complex 
OFDM signal is above the threshold, the difference between the 
threshold and the absolute value provides the amplitude of the 
correction signal . 

15 

Input signal 30 is multiplied by the output signal of block 32 
by a multiplier 33. If the absolute value of the complex OFDM 
signal is over the threshold, the product is greater than 
zero, otherwise it is zero. In block 34, Gauss pulses for the 

20 real part and for the imaginary part are taken from a memory 

with the evaluated input signal 30. In subsequent block 35, a 
complex number and therefore a complex correction signal are 
produced from the Gauss pulses for the real part and for the 
imaginary part. Furthermore, the complex correction signal is 

25 delayed by a time T2, with time T2 being predefined. The time 

thus delayed is stored in block 36. Original input signal 30 
is delayed in block 37 by predefined time Tl to be stored in 
memory 38. Times Tl and T2 results in the OFDM signal for 
which the correction signal is established and the correction 

30 signal being stored at the same time in blocks 36 and 37. 

A complex subtraction is performed by subtracter 40, so that 
the OFDM signal is corrected around its amplitude peaks, with 
the phase of the signal being taken into consideration during 
35 the subtraction by retaining the real and imaginary parts for 

the correction signal. The corrected signal is output signal 
39. 
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Processor 3 performs the correction described above, until no 
amplitude of the complex OFDM signal is still over the 
threshold value. Specifically, the correction signal may 
result in amplitude values that were originally below the 
5 threshold being elevated over the threshold by the weighting 

with the correction signal. Alternatively, the correction 
algorithm may be performed for a predefined number of 
repetitions . 

10 In pre-equali zer 4, the corrected complex OFDM signal is pre- 

equalized according to the characteristic curve of an 
amplifier 8 of the transmitter by multiplying it by the 
reciprocal value of the characteristic curve of amplifier 8. 
After the pre-equalization, the real part and the imaginary 

15 part of the signal are each converted into an analog signal by 
digital-analog converters 5 and 6. 

The complex OFDM signal is converted into a real signal and 
transposed into an intermediate frequency range with a 

20 quadrature modulator 7. At the same time, the complex signal, 

which is mathematically described by x(t) = a(t) + jb(t), is 
transformed into a real signal and into the intermediate 
frequency range by y(t) = a (t) cos (cot) - b (t) sin (cot) . In this 
case, co xs a frequency shift into the intermediate frequency 

25 range generated by an oscillator connected with quadrature 

modulator 7. 

Amplifier 8 of the transmitter ampl i f ies m the signals received 
from the quadrature modulator, and the amplified signals are 
30 transmitted by an antenna 9. 

Figure 2 shows a method for reducing the amplitude variance in 
OFDM signals. Amplitude variance concerns the behavior of OFDM 
signals, in which the amplitude widely changes, due to the 
35 superposition of the signals distributed to the individual 
sub-carriers . 
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The data is generated in method step 10. This may occur, for 
example, as described above. In method step 11, the data 
generated is modulated using differential phase modulation, 
with DQPSK being used in this exemplary embodiment. In method 
5 step 12, the modulated signals are distributed to the sub- 

carriers, so that an OFDM signal is created. In method step 
13, the OFDM signal is subjected to over scanning, so that a 
set of scan values are created, which are compared in method 
step 14 with the threshold for the amplitude. This comparison 
10 is examined in method step 23. The procedure continues with 

method step 15, if an amplitude is over the threshold, and, if 
no amplitude is over the threshold, the procedure continues 
with method step 18 . 

15 Method step 15 determines the phase of the OFDM signal. In 

method step 16, the amplitude of a correction signal is formed 
from the difference of amplitude values that lie over the 
threshold and impressed onto the associated phase of the OFDM 
signal. At the instants at which the amplitude values of the 

20 OFDM signal lie below the threshold, the amplitude of the 
correction signal is set to zero. In method step 17, the 
correction signal is subtracted from the OFDM signal, so that 
the correction is performed. In method step 18, the corrected 
signal is pre-equalized according to the inverse 

25 characteristic curve of amplifier 8. In method step 19, an 

analog signal is generated from the digital pre-equalized 
signal, so that no signal components exist at frequencies 
which lie outside the transmission frequency spectrum. In 
method step 19, the quadrature modulation is performed to 

30 transpose the analog signal into the transmission frequency 

domain. In method step 21, the transposed signal is amplified 
and transmitted in method step 22 by antenna 9. 

The correction may be performed in the base band. The baseband 
35 is the frequency range in which, for example, voice signals 
may be present directly after the acoustic electric 
conversion. However, an exemplary method according to the 
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present invention may be performed in an intermediate 
frequency range. For this purpose, a Hilbert transform of the 
signals should be performed after the scanning and a Hilbert 
back transform should be performed after the subtraction of 
5 the correction signal from the original signal. 

For this purpose, a signal, which is already present in an 
intermediate frequency range and is described by x(t) = 
a ( t ) cos (cot ) , is converted into a complex signal by y(t) = 
10 a(t)-e :i£0t . The Hilbert back transform, after performing an 

exemplary method according to the present invention, occurs by 
formation of the real part of the complex signal. 
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ABSTRACT OF THE DISCLOSURE 
A method of transmitting wireless signals and a transmitter 
for transmitting wireless signals for optimally operate an 
amplifier of a transmitter in its linear range, signals being 
5 transmitted in orthogonal frequency division multiplexing 

(OFDM) . The amplitudes of the OFDM signals that lie above a 
predefined threshold are eliminated using an additive 
correction signal, the phase of the OFDM signals being 
impressed on the additive correction signal. Furthermore, a 

10 correction signal is formed and subtracted from the OFDM 

signals, until there are no more amplitudes of the OFDM signal 
above the predefined threshold. Gauss pulses are used as 
correction signals due to their simple handling. Overscanning 
of the OFDM signals determines the amplitude values of the 

15 OFDM signals. 
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METHOD OF TRANSMITTING WIRELESS SIGNALS AND TRANSMITTER FOR 
* TRANSMITTING WIRELESS SIGNALS 



[Background Information] 
FIELD OF THE INVENTION 

The present invention relates to a method for transmitting 
wireless signals and a transmitter for transmitting wireless 
5 signals, respectively [ , according to the definition of the 

species of the independent patent claims. 

BACKGROUND INFORMATION 

[It is already known, from] M. Lampe and H. Rohling: 

10 "Auf wandsglinstige Verfahren zur Reduktion der 

AuBerbandstrahlung in OFDM-Funkubertragungssystemen" 
[Cost-Ef f ective Method for Reduction of the Out-Of-Band 
Radiation in OFDM Wireless Transmission Systems], a lecture 
given at the OFDM technical conference in Braunschweig on 

15 09/03/89, printed in the proceedings of the conference, [that 

in] refers to a transmitter for transmitting OFDM (orthogonal 
frequency division multiplexing) signals, in which a reduction 
of the amplitude variance [is performed to reduce the] reduces 
out-of-band radiation [due to] caused by the nonlinearity of 

20 the transmitter [in that] , by subtracting an additive 

correction signal [is subtracted] from the OFDM signal to be 
transmitted. [In this case, the] The correction signal is 
[composed of] the difference between a predefined threshold 
and the amplitude values of the OFDM signal [which] that lie 

25 above [this] the threshold. If the amplitude of the OFDM 

signal is less than the threshold at a specific instant, then 
the amplitude of the correction signal at [this] the specific 
instant is zero. 

30 [Advantages of the Invention] A method for correction of the 

amplitude variance is discussed in European Published Patent 
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Application No, 735 731, in which generated partial signals 
are added with different signs, depending on amplitude 
statistics. In this manner, intervention in the coding is 
achieved. The additional information should be transmitted to 
5 the receiver, where it should be decoded. European Published 

Patent Application No. 743 768 discusses an envelope of a 
signal, which comprises many different signals, each modulated 
with frequency shift keying, being reduced by phase shift of 
these individual signals. 

10 

[The method according to the present invention and the] 
SUMMARY OF THE INVENTION 

It is believed that an exemplary method and transmitter 
according to the present invention [having the features of the 

15 independent patent claims has the advantage relative to the 

related art] have an advantage in that the phase of the OFDM 
signal to be corrected is also impressed onto the correction 
signal, so that a bit error rate of the OFDM signal and thus 
the signal quality improve [decisively. In this way, it is 

20 possible to modulate, and thus utilize, the] . In this manner, 

an expensive transmitter for OFDM signals may be modulated and 
utili zed better. 

Furthermore, [it is advantageous that,] a less expensive 
25 transmitter may be used for a predefined transmitter power, [a 

less expensive transmitter may be used by using the present 
invention, ] since the amplifier of the transmitter is utilized 
better . 

30 [Advantageous refinements and improvements of the method for 

transmitting wireless signals and of the transmitter for 
transmitting wireless signals are possible through the 
measures described in the dependent claims. 

35 It is particularly advantageous that the correction signal is] 
The correction signal may be repeatedly determined and 
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[repeatedly] subtracted from the already corrected signal. In 
this [way] manner , the influence of the correction signal on 
the OFDM signal [is] may be minimized. Through such [an] 
iteration, other signal components^, which are enhanced by the 
5 correction signal [are] , may be reduced again. 

Furthermore, [it is advantageous that] the correction signal 
[is] may be composed of Gauss pulses. Gauss pulses have the 
same shape in both the time [range] and [in the] frequency 
10 [range] domains , and propagation of a Gauss pulse in the time 

domain results in [] propagation of a Gauss pulse in the 
frequency domain. In this [way] manner , the handling and 
composition of the correction signal [is significantly] may be 
simplified. 

15 

In addition, [it is advantageous that] the correction signal 
[is] may be iteratively determined repeatedly and subtracted 
from the OFDM signal^ until the OFDM signal no longer exceeds 
a predefined threshold. [By] In this [measure] manner , an 
20 iterative method [is obtained which prepares] may prepare the 

OFDM signal optimally for [the] a given amplifier of the 
transmitter [ , in order] to optimally utilize the dynamics of 
the amplifier^ without out-of-band radiation occurring. 

25 Alternatively, [it is advantageous to preset] according to an 
exemplary method of the present invention, how long the 
correction signal is determined and subtracted from the OFDM 
signal [,] may be preset with experimental values [then 
entering into this method]. This refinement [simplifies the] 

30 may simplify iteration of the correction of the OFDM signal. 

Furthermore, [it is advantageous that] overscanning may be 
performed on the OFDM signal [undergoes overscanning] before 
the correction is performed. In this [way, it is exactly 
35 established which] manner, the amplitudes [occur] occurring in 

the OFDM signal may be established , since overscanning 
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provides a more exact resolution of the OFDM signal to be 
corrected . 

[Drawing 

5 

Exemplary embodiments of the present invention are shown in 
the drawing and described more detail in the following 
description . ] 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Figure 1 shows a transmitter for transmitting OFDM signals [; 

Figure 2 shows a method ]^ 

Figure 2 is a block diagram of the steps of an exemplary 
method according to the present invention for reducing the 
15 amplitude variance in OFDM signals [, and Figure 3 shows a 

method ] _s_ 

Figure 3 is a block diagram of the steps of an exemplary 
method according to the present invention for correcting the 
20 OFDM signals in a processor. 

[Description of the Exemplary Embodiments] 
DETAILED DESCRIPTION 

Orthogonal frequency division multiplexing (OFDM) is a [known 
25 and successful] method used for mobile wireless applications. 

In OFDM, the signals to be transmitted are distributed to many 
sub-carriers, these sub-carriers having a specific frequency 
interval relative to one another^ so that the signals 
distributed to the sub-carriers do not mutually interfere. 
30 This behavior is described as orthogonal. 

OFDM is therefore used for digital broadcast transmission 
methods. These include DAB (Digital Audio Broadcasting), DVB 
(Digital Video Broadcasting) , and DRM (Digital Wireless 
35 Mondial) . These broadcast transmission methods [profit from 

the property of OFDM that, when a frequency-selective damping 
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occurs, ] benefit from OFDM because only a small part of the 
broadcast signal transmitted is interfered with when a 
frequency- selective damping occurs , since the broadcast signal 
[was] i_s distributed [to] in multiple frequencies^ and only 
5 one part of the signal [was] is. interfered with, which [was] 

is transmitted on a frequency at which a strong damping 
[occurred] occurs . The part of the signal interfered with is 
corrected by error detection and correction measures. These 
error correction measures may include error correction codeSj_ 
10 such as block codes or convolution codes. 

In OFDM, summation in the time domain of the distributed 
signals occurs after the distribution of the signals to be 
transmitted to the sub-carriers, with the amplitudes [able to 

15 be] being added [in such a way] , so that the amplitudes of the 
superimposed signals assume such a large value at specific 
instants that the amplifier of the transmitter is driven into 
its nonlinear range, so that frequency components outside the 
predefined frequency spectrum may arise. [Such a case occurs] 

20 This may occur if the signals distributed to the individual 

sub-carriers constructively superimpose . Constructive 
superposition occurs if the phases of the signals are equal. 

If a signal^ which is transmitted at a specific frequency^, is 
25 given on a nonlinear characteristic curve, [e.g.] such as, for 
example , that of an amplifier, frequency components arise at 
multiples of the specific frequency. If these multiples are 
outside the transmission frequency spectrum, they are referred 
to as out-of-band radiation, since [then] the signal energies 
30 outside the available spectrum are transmitted and [are thus] 
lost for signal transmission [, ] because a receiver filters out 
the out-of-band radiation. In addition, the out-of-band 
radiation interferes with other transmission systems [which 
are used] operating at the frequencies at which the 
35 out-of-band radiation occurs. 
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If new frequency components are present within the 
transmission frequency spectrum available, undesired signal 
components are demodulated in the receiver. Crosstalk may 
therefore [occurs] occur. The signal quality and therefore the 
5 bit error rate of the signal received [are decisively] may be 
worsened thereby. The bit error rate indicates [how many] the 
number of bits [are] detected incorrectly per bit received. 
[In order to] T_o determine the bit error rate, [the] error 
detection codes [are] may be used. The OFDM signal is thus 
10 [present] like a noise signal on the sub-carriers^ after the 

distribution of the signals to be transmitted, with 
individually occurring amplitude peaks driving the amplifier 
of the transmitter into the nonlinear range. 

15 The ratio of amplitude peaks during a signal to the average 

amplitude of the signal is defined as the crest factor. 
Therefore, minimizing [this] the crest factor [is used for 
driving] drives the amplifier of the transmitter only in the 
linear range [and]^ thus utilizing it optimally. 

20 

A transmitter for transmitting OFDM signals is [illustrated] 
shown in Figure 1. [The data] Data to be transmitted is 
generated in a data source 1. [In this case, data] Data source 
1 [is] may be/ for example, a microphone. Microphone 1 

25 converts voice signals into electrical signals, and the 

signals are amplified, coded, and digitized. The digital 
signals are then transferred as a bit stream to an OFDM 
modulator 2. The amplification, coding, and digitization are 
performed by a signal processor^, which is connected to 

30 microphone 1. 

OFDM modulator 2 first performs a differential phase 
modulation of the signals to be transmitted. For this purpose, 
differential quadrature phase shift keying (DQPSK) [is] may be 
35 used. DQPSK is digital modulation^ in which the phase shift of 
the signal is modulated[. In this case, 1 , for example, the 
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phase shift in a specific time interval, [i.e.] that is , per 
bit, [is] may be used as a modulation signal [ . A] or a phase 
shift of ± 90° [is] may be used [here]. Differential 
modulation methods [have the advantage that no] do not require 
5 an absolute value [must] to be established in the receiver to 

demodulate signals, since the information transmitted is 
contained in the phase shift of the signals transmitted. A bit 
sequence of 110 thus leads to a phase shift of +90° for each 
for the two ones and -90° for the zero. 

10 

In addition to DQPSK, other differential phase modulation 
methods and further digital modulation methods may also be 
used [ . ] , such as Quadrature [amplitude] Amplitude modulation 
(QAM) , in which both the phase and amplitude are modulated, 
15 and [all] other types of phase shift keying (PSK) [are of 

particular importance here] . 

DQPSK is a complex modulation method, since the bits of the 
bit stream^, which are fed into OFDM modulator are mapped 

20 onto phase changes. If a phase of the signal is changed, a 

complex plane is used [as] for the graphic representation of 
the signals as vectors, with a real part being plotted on the 
abscissa and an imaginary part on the ordinate. A signal 
having a phase greater than zero is rotated around this phase 

25 counterclockwise outward from the abscissa in the complex 

plane . 

According to differential QPSK, OFDM modulator 2 performs the 
distribution of the signals to be demodulated to the 

30 sub-carr iersj_ so that an OFDM signal arises. Since a complex 

signal arises as a consequence of the DQPSKj_ which OFDM 
modulator 2 performs, a first and a second data output from 
OFDM modulator 2 are connected to a first and second data 
input of a processor 3, [in order] to process two parts of the 

35 signal, that is, the imaginary and real parts, separately. 
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Processor 3 first performs over scanning of the complex signal 
[coming] received from OFDM modulator 2. Experimental values 
[have shown] indicate that at least fourfold scanning [is] may 

be necessary to recognize the amplitude peaks with a high 
5 probability. With less scanning, [it may happen that] an 

amplitude peak value [lies exactly] may lie between two 

scanned values. 

After [the] over scanning, processor 3 compares the scanned 
10 values with a thresholds which is predefined and stored in the 
transmitter. The threshold determines which amplitudes are too 
high and therefore which ones would drive the amplifier into 
the nonlinear range. If a scanned value is greater than the 
predefined threshold, a difference between [this] the scanned 
15 value and the threshold is produced. The correction signal 
receives [this] the difference as the amplitude for the 
instant at which the scanned value [was] i_s greater than the 
threshold. If the scanned value is equal to or less than the 
threshold, the correction signal receives an amplitude of zero 
20 for [this] the instant. 

In a block diagram, Figure 3 [explains the] shows a cycle 
[which] that processor 3 [passes through in order] performs to 
establish the correction signal and subtract it from the OFDM 

25 signal to be corrected. The scanned values are applied as 

complex values to input 30 of the block diagram. In block 31, 
a polar coordinate pair is produced by [means of] a table of 
Cartesian coordinates [which] that describe the complex number 
of the OFDM signal [ . This is necessary] j_ so that the amplitude 

30 of the OFDM signal may be established. Since the complex OFDM 
signal [then exists as] includes an imaginary part and a real 
part, [i.e., as] that is, Cartesian coordinates, only the 
coordinates of the complex number exist in a coordinate 
system, with the abscissa indicating the real part and the 

35 ordinate indicating the imaginary part. However, [to achieve] 
for a comparison between the threshold and amplitude of the 
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OFDM signal, an absolute value of the complex number is 
[necessary. This] required. The absolute value, however, is 
the square root of the sum of the individual squares of the 
coordinate values, [i.e.] that is , of the real part and of the 
5 imaginary part, and therefore is the length of a vector from 

the origin of the coordinate system to the coordinates of the 
complex number [which] that describes the signal. 

In addition, the phase of the OFDM signal is established^ 

10 since [this] the phase is [to be] impressed onto the 

correction signal for [this] the instant to enhance the 
quality of the corrected OFDM signal. The conversion from 
Cartesian coordinates into polar coordinates provides both the 
absolute value of the complex OFDM signal and the phase. The 

15 phase of the complex OFDM signal is the angle from the 

abscissa to the vector of the OFDM signal, with measurement 
being performed counterclockwise. The CORDIC algorithm [is 
used for this assignment of] assigns the Cartesian coordinates 
to polar coordinates [by means of] using a table. The 

20 amplitude and therefore the absolute value of the complex OFDM 

signal are compared in block 32 with a predefined threshold. 
If the absolute value of the complex OFDM signal is below the 
threshold, the output signal, and therefore the correction 
signal, is set to zero. If the absolute value of the complex 

25 OFDM signal is above the threshold, the difference between the 

threshold and the absolute value provides the amplitude of the 
correction signal . 

Input signal 30 is multiplied by the output signal of block 32 
30 by [means of] a multiplier 33. If the absolute value of the 
complex OFDM signal [was] is over the threshold, the product 
is [then] greater than zero, otherwise it is zero. In block 
34, Gauss pulses for the real part and for the imaginary part 
are taken from a memory with the evaluated input signal 30. In 
35 subsequent block 35, a complex number and therefore a complex 

correction signal are produced from the Gauss pulses for the 
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real part and for the imaginary part. Furthermore, the complex 
correction signal is delayed by a time T2, with time T2 being 
predefined. The time thus delayed is stored in block 36. 
Original input signal 30 is delayed in block 37 by predefined 
5 time Tl [in order] to [then] be stored in memory 38. Times Tl 

and T2 [are such that] results in the OFDM signal for which 
the correction signal is established and the correction signal 
[are] being stored at the same time in blocks 36 and 37. 

10 A complex subtraction is performed by subtracter 40, so that 
the OFDM signal is corrected around its amplitude peaks, with 
the phase of the signal being taken into consideration during 
the subtraction by retaining the real and imaginary parts for 
the correction signal. The corrected signal [exists as] is 

15 output signal 39. 

Processor 3 performs the correction [just] described above, 
until no amplitude of the complex OFDM signal is still over 
the threshold value. Specifically, the correction signal may 
20 result in amplitude values [which] that were originally below 

the threshold being elevated over the threshold by the 
weighting with the correction signal. Alternatively, the 
correction algorithm may be performed for a predefined number 
of repetitions. 

25 

In pre-equalizer 4, the corrected complex OFDM signal is 
pre-equalized according to the characteristic curve of an 
amplifier 8 of the transmitter [in that] by multiplying it [is 
multiplied] by the reciprocal value of the characteristic 
30 curve of amplifier 8. After the pre-equalization, the real 

part and the imaginary part of the signal are each converted 
into an analog signal by [means of] digital-analog converters 
5 and 6 . 

35 The complex OFDM signal is converted into a real signal and 

transposed into an intermediate frequency range with a 
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quadrature modulator 7. At the same time, the complex signal, 
which is mathematically described [with] by x(t) = a(t) + 
jb(t), is transformed into a real signal and into the 
intermediate frequency range by [the following specification:] 
5 y(t) = a(t)cos(o)t) - b(t)sin(cot) . In this case, cj is a 

frequency shift into the intermediate frequency range [ , with co 
being] generated by an oscillator connected with quadrature 
modulator 7 . 

10 Amplifier 8 of the transmitter amplifies the signals [coming] 
received from the quadrature modulator^ and the amplified 
signals are transmitted by [means of] an antenna 9. 

Figure 2 shows a method for reducing the amplitude variance in 
15 OFDM signals. Amplitude variance [refers to] concerns the 

behavior of OFDM signals, [where] in which the amplitude [has] 
widely [changing amplitudes] chancres r due to the superposition 
of the signals distributed to the individual sub-carriers. 

20 The data is generated in method step 10. This [occurs] may 

occur , for example, as described above. In method step 11, the 
data generated is modulated using differential phase 
modulation, with DQPSK being used [here] in this exemplary 
embodiment . In method step 12, the modulated signals are 

25 distributed to the sub-carriers, so that an OFDM signal 

[arises] is created . In method step 13, the OFDM signal is 
subjected to overscanning, so that a set of scan values 
[exists] are created; which are compared in method step 14 
with the threshold for the amplitude. This comparison is 

30 examined in method step 23. The procedure continues with 

method step 15^_ if an amplitude is over the threshold, and, if 
no amplitude is over the threshold [anymore, 1 , the procedure 
continues with method step 18. 

35 [In method] Method step 15[,] determines the phase of the OFDM 

signal [is determined] . In method step 16, the amplitude of a 
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correction signal is formed from the difference of amplitude 
values [which] that lie over the threshold and impressed onto 
the associated phase of the OFDM signal. At the instants at 
which the amplitude values of the OFDM signal lie below the 
5 threshold, the amplitude of the correction signal is set to 
zero. In method step 17, the correction signal is subtracted 
from the OFDM signal, so that the correction is performed. In 
method step 18, the corrected signal is pre-equali zed 
according to the inverse characteristic curve of amplifier 8. 

10 In method step 19, an analog signal is generated from the 
digital pre-equalized signal, so that no signal components 
exist at frequencies which lie outside the transmission 
frequency spectrum. In method step 19, the quadrature 
modulation is performed to transpose the analog signal into 

15 the transmission frequency domain. In method step 21, the 

transposed signal is amplified and transmitted in method step 
22 by antenna 9. 

[In this case, the] The correction [was] may be performed in 
20 the base band. [This] The baseband is the frequency range in 

which, for example, [the] voice signals [are] may be present 
directly after the acoustic electric conversion. However, [it 
is also possible to perform the] an exemplary method according 
to the present invention may be performed in an intermediate 
25 frequency range. For this purpose, [it is necessary that] a 
Hilbert transform of the signals [is] should be performed 
after the scanning and a Hilbert back transform [is] should be 
performed after the subtraction of the correction signal from 
the original signal. 

30 

For this purpose, a signal^ which is already present in an 
intermediate frequency range and is described [with] by x(t) = 
a (t ) cos (cot ) j_ is converted into a complex signal [which is then 
described with] by y(t) = a(t)-e :J " t . The Hilbert back 
35 transform^ after performing [the] an exemplary method 
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according to the present invention^ occurs [simply] by 
formation of the real part of the complex signal. 
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[Abstract] 

ABSTRACT OF THE DISCLOSURE 
A method of transmitting wireless signals and a transmitter 
for transmitting wireless signals [are proposed, respectively, 
5 which are used to] for optimally operate an amplifier of [the] 
a transmitter [(8)] in its linear range, signals being 
transmitted in orthogonal frequency division multiplexing 
(OFDM) . The amplitudes of the OFDM signals that lie above a 
predefined threshold are eliminated using an additive 

10 correction signal, the phase of the OFDM signals being 

impressed on the additive correction signal. Furthermore, a 
correction signal is formed and subtracted from the OFDM 
signals^, until there are no more amplitudes of the OFDM signal 
above the predefined threshold. Gauss pulses are used as 

15 correction signals due to their simple handling. Overscanning 
of the OFDM signals [is used to determine] determines the 
amplitude values of the OFDM signals. 
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MARKED UP VERSION OF THE 
14 SUBSTITUTE SPECIFICATION 



JC13 Rec'd PCT/PTO 1 8 MAR 2002 




[10191/2211] 



METHOD OF TRANSMITTING WIRELESS SIGNALS AND TRANSMITTER FOR 

TRANSMITTING WIRELESS SIGNALS 



Background Information 

The present invention relates to a method for transmitting 
wireless signals and a transmitter for transmitting wireless 
signals, respectively, according to the definition of the 
species of the independent patent claims. 

It is already known, from M. Lampe and H. Rohling: 
"Aufwandsgunstige Verfahren zur Reduktion der 

AuSerbandstrahlung in OFDM-Funkubertragungssystemen" [Cost- 
Effective Method for Reduction of the Out-Of-Band Radiation in 
OFDM Wireless Transmission Systems] , a lecture given at the 
OFDM technical conference in Braunschweig on 09/03/89, printed 
in the proceedings of the conference, that in a transmitter 
for transmitting OFDM (orthogonal frequency division 
multiplexing) signals, a reduction of the amplitude variance 
is performed to reduce the out -of -band radiation due to the 
nonlinearity of the transmitter in that an additive correction 
signal is subtracted from the OFDM signal to be transmitted. 
In this case, the correction signal is composed of the 
difference between a predefined threshold and the amplitude 
values of the OFDM signal which lie above this threshold. If 
the amplitude of the OFDM signal is less than the threshold at 
a specific instant, then the amplitude of the correction 
signal at this specific instant is zero. 

Advantages of the Invention 

The method according to the present invention and the 
transmitter according to the present invention having the 
features of the independent patent claims has the advantage 
relative to the related art that the phase of the OFDM signal 
to be corrected is also impressed onto the correction signal, 



so that a bit error rate of the OFDM signal and thus the 
signal quality improve decisively. In this way, it is possible 
to modulate, and thus utilize, the expensive transmitter for 
OFDM signals better. 

Furthermore, it is advantageous that, for a predefined 
transmitter power, a less expensive transmitter may be used by 
using the present invention, since the amplifier of the 
transmitter is utilized better. 

Advantageous refinements and improvements of the method for 
transmitting wireless signals and of the transmitter for 
transmitting wireless signals are possible through the 
measures described in the dependent claims. 

It is particularly advantageous that the correction signal is 
repeatedly determined and repeatedly subtracted from the 
already corrected signal. In this way, the influence of the 
correction signal on the OFDM signal is minimized. Through 
such an iteration, other signal components which are enhanced 
by the correction signal are reduced again. 

Furthermore, it is advantageous that the correction signal is 
composed of Gauss pulses. Gauss pulses have the same shape in 
the time range and in the frequency range and propagation of a 
Gauss pulse in the time domain results in 
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propagation of a Gauss pulse in the frequency domain. In this 
way, the handling and composition of the correction signal is 
significantly simplified . 

5 In addition, it is advantageous that the correction signal is 
iteratively determined repeatedly and subtracted from the OFDM 
signal until the OFDM signal no longer exceeds a predefined 
threshold. By this measure, an iterative method is obtained 
which prepares the OFDM signal optimally for the given 
10 amplifier of the transmitter, in order to optimally utilize 
the dynamics of the amplifier without out-of-band radiation 
occurring . 

Alternatively, it is advantageous to preset how long the 
15 correction signal is determined and subtracted from the OFDM 
signal, with experimental values then entering into this 
method. This refinement simplifies the iteration of the 
correction of the OFDM signal. 

20 Furthermore, it is advantageous that the OFDM signal undergoes 
overscanning before the correction is performed. In this way, 
it is exactly established which amplitudes occur in the OFDM 
signal, since overscanning provides a more exact resolution of 
the OFDM signal to be corrected. 

25 

Drawing 

Exemplary embodiments of the present invention are shown in 
the drawing and described more detail in the following 
30 description. Figure 1 shows a transmitter for transmitting 
OFDM signals; Figure 2 shows a method for reducing the 
amplitude variance in OFDM signals, and Figure 3 shows a 
method for correcting the OFDM signals in a processor. 

35 Description of the Exemplary Embodiments 



3 
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Orthogonal frequency division multiplexing (OFDM) is a known 
and successful method for mobile wireless applicat ions . In 
OFDM, the signals to be transmitted are distributed to many 
sub-carriers, these sub-carriers having a specific frequency 
5 interval relative to one another so that the signals 

distributed to the sub-carriers do not mutually interfere. 
This behavior is described as orthogonal. 

OFDM is therefore used for digital broadcast transmission 
methods. These include DAB (Digital Audio Broadcasting), DVB 
(Digital Video Broadcasting) , and DRM (Digital Wireless 
Mondial) . These broadcast transmission methods profit from the 
property of OFDM that, when a frequency- select ive damping 
occurs, only a small part of the broadcast signal transmitted 
is interfered with, since the broadcast signal was distributed 
to multiple frequencies and only one part of the signal was 
interfered with, which was transmitted on a frequency at which 
a strong damping occurred. The part of the signal interfered 
with is corrected by error detection and correction measures. 
These error correction measures include error correction codes 
such as block codes or convolution codes. 

In OFDM, summation in the time domain of the distributed 
signals occurs after the distribution of the signals to be 
25 transmitted to the sub-carriers, with the amplitudes able to 

be added in such a way that the amplitudes of the superimposed 
signals assume such a large value at specific instants that 
the amplifier of the transmitter is driven into its nonlinear 
range, so that frequency components outside the predefined 
30 frequency spectrum may arise. Such a case occurs if the 
signals distributed to the individual sub-carriers 
constructively superimpose. Constructive superposition occurs 
if the phases of the signals are equal. 
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35 If a signal which is transmitted at a specific frequency is 
given on a nonlinear characteristic curve, e.g., that of an 
amplifier, frequency components arise at multiples of the 
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specific frequency. If these multiples are outside the 
transmission frequency spectrum, they are referred to as out- 
of-band radiation, since then signal energies outside the 
available spectrum are transmitted and are thus lost for 
5 signal transmission, because a receiver filters out the out- 
of-band radiation. In addition, the out-of-band radiation 
interferes with other transmission systems which are used at 
the frequencies at which the out-of-band radiation occurs. 

10 If new frequency components are present within the 

transmission frequency spectrum available, undesired signal 
components are demodulated in the receiver. Crosstalk 
therefore occurs. The signal quality and therefore the bit 
error rate of the signal received are decisively worsened 

15 thereby. The bit error rate indicates how many bits are 

detected incorrectly per bit received. In order to determine 
the bit error rate, the error detection codes are used. The 
OFDM signal is thus present like a noise signal on the sub- 
carriers after the distribution of the signals to be 

2 0 transmitted, with individually occurring amplitude peaks 

driving the amplifier of the transmitter into the nonlinear 
range . 

The ratio of amplitude peaks during a signal to the average 
25 amplitude of the signal is defined as the crest factor. 

Therefore, minimizing this crest factor is used for driving 
the amplifier of the transmitter only in the linear range and 
thus utilizing it optimally. 

30 A transmitter for transmitting OFDM signals is illustrated in 
Figure 1 . The data to be transmitted is generated in a data 
source 1. In this case, data source 1 is a microphone. 
Microphone 1 converts voice signals into electrical signals, 
and the signals are amplified, coded, and digitized. The 

35 digital signals are then transferred as a bit stream to an 

OFDM modulator 2. The amplification, coding, and digitization 
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are performed by a signal processor which is connected to 
microphone 1. 

OFDM modulator 2 first performs a differential phase 
5 modulation of the signals to be transmitted. For this purpose, 
differential quadrature phase shift keying (DQPSK) is used. 
DQPSK is digital modulation in which the phase shift of the 
signal is modulated. In this case, the phase shift in a 
specific time interval, i.e., per bit, is used as a modulation 

10 signal. A phase shift of ± 90° is used here. Differential 

modulation methods have the advantage that no absolute value 
must be established in the receiver to demodulate signals, 
since the information transmitted is contained in the phase 
shift of the signals transmitted. A bit sequence of 110 thus 

15 leads to a phase shift of +90° each for the two ones and -90° 
for the zero. 

In addition to DQPSK, other differential phase modulation 
methods and further digital modulation methods may also be 
2 0 used. Quadrature amplitude modulation (QAM) , in which both the 
phase and amplitude are modulated, and all types of phase 
shift keying (PSK) are of particular importance here. 

DQPSK is a complex modulation method, since the bits of the 

2 5 bit stream which are fed into OFDM modulator 2 are mapped onto 

phase changes. If a phase of the signal is changed, a complex 
plane is used as for the graphic representation of the signals 
as vectors, with a real part being plotted on the abscissa and 
an imaginary part on the ordinate. A signal having a phase 

3 0 greater than zero is rotated around this phase 

counterclockwise outward from the abscissa in the complex 
plane . 

According to differential QPSK, OFDM modulator 2 performs the 
35 distribution of the signals to be demodulated to the sub- 
carriers so that an OFDM signal arises. Since a complex signal 
arises as a consequence of the DQPSK which OFDM modulator 2 
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performs, a first and a second data output from OFDM modulator 
2 are connected to a first and second data input of a 
processor 3, in order to process two parts of the signal, 
imaginary and real parts, separately. 

5 

Processor 3 first performs overscanning of the complex signal 
coming from OFDM modulator 2 . Experimental values have shown 
that at least fourfold scanning is necessary to recognize the 
amplitude peaks with high probability. With less scanning, it 
10 may happen that an amplitude peak value lies exactly between 
two scanned values. 

After the overscanning, processor 3 compares the scanned 
values with a threshold which is predefined and stored in the 

15 transmitter. The threshold determines which amplitudes are too 
high and therefore would drive the amplifier into the 
nonlinear range. If a scanned value is greater than the 
predefined threshold, a difference between this scanned value 
and the threshold is produced. The correction signal receives 

20 this difference as the amplitude for the instant at which the 
scanned value was greater than the threshold. If the scanned 
value is equal to or less than the threshold, the correction 
signal receives an amplitude of zero for this instant. 

25 In a block diagram, Figure 3 explains the cycle which 
processor 3 passes through in order to establish the 
correction signal and subtract it from the OFDM signal to be 
corrected. The scanned values are applied as complex values to 
input 3 0 of the block diagram. In block 31, a polar coordinate 

3 0 pair is produced by means of a table of Cartesian coordinates 
which describe the complex number of the OFDM signal . This is 
necessary so that the amplitude of the OFDM signal may be 
established. Since the complex OFDM signal then exists as an 
imaginary part and a real part, i.e., as Cartesian 

3 5 coordinates, only the coordinates of the complex number exist 
in a coordinate system, with the abscissa indicating the real 
part and the ordinate the imaginary part. However, to achieve 



a comparison between the threshold and amplitude of the OFDM 
signal, an absolute value of the complex number is necessary. 
This absolute value, however, is the square root of the sum of 
the individual squares of the coordinate values, i.e., of the 
5 real part and of the imaginary part, and therefore is the 

length of a vector from the origin of the coordinate system to 
the coordinates of the complex number which describes the 
signal . 

10 In addition, the phase of the OFDM signal is established since 
this phase is to be impressed onto the correction signal for 
this instant to enhance the quality of the corrected OFDM 
signal. The conversion from Cartesian coordinates into polar 
coordinates provides both the absolute value of the complex 

15 OFDM signal and the phase. The phase of the complex OFDM 

signal is the angle from the abscissa to the vector of the 
OFDM signal, with measurement being performed 
counterclockwise. The CORDIC algorithm is used for this 
assignment of Cartesian coordinates to polar coordinates by 

2 0 means of a table. The amplitude and therefore the absolute 

value of the complex OFDM signal are compared in block 32 with 
a predefined threshold. If the absolute value of the complex 
OFDM signal is below the threshold, the output signal, and 
therefore the correction signal, is set to zero. If the 

25 absolute value of the complex OFDM signal is above the 
threshold, the difference between the threshold and the 
absolute value provides the amplitude of the correction 
signal . 

30 Input signal 30 is multiplied by the output signal of block 32 
by means of a multiplier 33. If the absolute value of the 
complex OFDM signal was over the threshold, the product is 
then greater than zero, otherwise it is zero. In block 34, 
Gauss pulses for the real part and for the imaginary part are 

35 taken from a memory with the evaluated input signal 30. In 

subsequent block 35, a complex number and therefore a complex 
correction signal are produced from the Gauss pulses for the 



real part and for the imaginary part. Furthermore, the complex 
correction signal is delayed by a time T2 , with time T2 being 
predefined. The time thus delayed is stored in block 36. 
Original input signal 3 0 is delayed in block 37 by predefined 
time Tl in order to then be stored in memory 38. Times Tl and 
T2 are such that the OFDM signal for which the correction 
signal is established and the correction signal are stored at 
the same time in blocks 36 and 37. 

A complex subtraction is performed by subtracter 40, so that 
the OFDM signal is corrected around its amplitude peaks, with 
the phase of the signal being taken into consideration during 
the subtraction by retaining the real and imaginary parts for 
the correction signal. The corrected signal exists as output 
signal 39 . 

Processor 3 performs the correction just described until no 
amplitude of the complex OFDM signal is still over the 
threshold value. Specifically, the correction signal may 
result in amplitude values which were originally below the 
threshold being elevated over the threshold by the weighting 
with the correction signal. Alternatively, the correction 
algorithm may be performed for a predefined number of 
repetitions . 

In pre-equalizer 4, the corrected complex OFDM signal is pre- 
equalized according to the characteristic curve of an 
amplifier 8 of the transmitter in that it is multiplied by the 
reciprocal value of the characteristic curve of amplifier 8. 
After the pre-equalization, the real part and the imaginary 
part of the signal are each converted into an analog signal by 
means of digital-analog converters 5 and 6. 

The complex OFDM signal is converted into a real signal and 
transposed into an intermediate frequency range with a 
quadrature modulator 7. At the same time, the complex signal, 
which is mathematically described with xft) -aft) + jb(t), is 
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transformed into a real signal and into the intermediate 
frequency range by the following specification: y(t) = 
a ( t) cos fcotj - b (t) sin (cat) . In this case, go is a frequency 
shift into the intermediate frequency range, with go being 
5 generated by an oscillator connected with quadrature modulator 
7 . 

Amplifier 8 of the transmitter amplifies the signals coming 
from the quadrature modulator and the amplified signals are 
10 transmitted by means of an antenna 9. 

Figure 2 shows a method for reducing the amplitude variance in 
OFDM signals. Amplitude variance refers to the behavior of 
OFDM signals, where the amplitude has widely changing 
15 amplitudes due to the superposition of the signals distributed 
to the individual sub-carriers. 

The data is generated in method step 10. This occurs, for 
example, as described above. In method step 11, the data 

20 generated is modulated using differential phase modulation, 
with DQPSK being used here. In method step 12, the modulated 
signals are distributed to the sub-carriers, so that an OFDM 
signal arises. In method step 13, the OFDM signal is subjected 
to overscanning, so that a set of scan values exists which are 

25 compared in method step 14 with the threshold for the 

amplitude. This comparison is examined in method step 23. The 
procedure continues with method step 15 if an amplitude is 
over the threshold, and, if no amplitude is over the threshold 
anymore, with method step 18. 

30 

In method step 15, the phase of the OFDM signal is determined. 
In method step 16, the amplitude of a correction signal is 
formed from the difference of amplitude values which lie over 
the threshold and impressed onto the associated phase of the 
35 OFDM signal. At the instants at which the amplitude values of 
the OFDM signal lie below the threshold, the amplitude of the 
correction signal is set to zero. In method step 17, the 

10 



correction signal is subtracted from the OFDM signal, so that 
the correction is performed. In method step 18, the corrected 
signal is pre-equalized according to the inverse 
characteristic curve of amplifier 8. In method step 19, an 
5 analog signal is generated from the digital pre-equalized 
signal, so that no signal components exist at frequencies 
which lie outside the transmission frequency spectrum. In 
method step 19, the quadrature modulation is performed to 
transpose the analog signal into the transmission frequency 
10 domain. In method step 21, the transposed signal is amplified 
and transmitted in method step 22 by antenna 9 . 

In this case, the correction was performed in the base band. 
This is the frequency range in which, for example, the voice 
15 signals are present directly after the acoustic electric 

conversion. However, it is also possible to perform the method 
according to the present invention in an intermediate 
frequency range. For this purpose, it is necessary that a 
Hilbert transform of the signals is performed after the 

2 0 scanning and a Hilbert back transform is performed after the 

subtraction of the correction signal from the original signal . 

For this purpose, a signal which is already present in an 
intermediate frequency range and is described with x(t) = 
25 a ( t) cos foot ) is converted into a complex signal which is then 
described with y(t) = a ( t ) - e J(x)t . The Hilbert back transform 
after performing the method according to the present invention 
occurs simply by formation of the real part of the complex 
signal . 

3 0 
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What is claimed is: 

1. A method of transmitting wireless signals, the wireless 
signals being distributed to various sub-carriers, the 
wireless signals being modulated using differential phase 
modulation, the wireless signals being scanned after 
modulation in order to generate scanned values of the 
modulated wireless signal, amplitude values of the wireless 
signals being determined by means of the scanned values, the 
amplitude values being compared to a predefined threshold in 
order to obtain a difference, the difference being subtracted 
from the wireless signals before transmission as a correction 
signal in order to reduce the amplitude values of the wireless 
signals that are above the predefined threshold to a value of 
the threshold, the corrected wireless signals being pre- 
equalized, the pre-equalized wireless signals being converted 
to analog wireless signals by means of digital -analog 
converters (5, 6), the analog wireless signals being amplified 
and transmitted, wherein a phase of the wireless signals is 
determined and the correction signal is provided with the 
phase of the wireless signals before the correction signal is 
subtracted from the wireless signals. 

2. The method according to Claim 1, wherein a correction 
signal is repeatedly subtracted from the wireless signals, the 
correction signal being determined again for each correction. 

3. The method according to Claim 2, wherein Gauss pulses are 
used as correction signals. 

4. The method according to Claim 2, wherein the correction 
signal is subtracted from the wireless signals until the 
amplitudes of the corrected wireless signals are at most equal 
to the predefined threshold. 
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5. The method according to Claim 2, wherein it is predefined 
how often the correction signal is to be subtracted from the 
wireless signals. 

6. The method according to the Claims 4 or 5, wherein the 
wireless signals are overscanned. 

7. A transmitter for transmitting wireless signals, a 
modulator (2) distributing digital signals to be transmitted 
to various sub-carriers and performing a differential phase 
modulation on the digital signals, a processor (3) scanning 
the digital signals distributed to various sub-carriers, the 
processor (3) establishing amplitudes of the scanned signals, 
the processor (3) comparing the amplitudes to a predefined 
threshold and forming a difference between the amplitudes and 
the threshold for the amplitudes which lie above the 
threshold, the processor (3) forming a correction signal using 
the difference as the amplitude of the correction signal, the 
processor (3) subtracting the correction signal from the 
digital signals distributed to various sub- carriers , a pre- 
equalizer (4) pre -equalizing the corrected digital signals, 
digital/analog converters (5,6) converting the digital signals 
distributed to various sub-carriers into analog signals, 
wherein the processor (3) determines a phase of the scanned 
signals, and the processor (3) provides the correction signal 
with the phase before the processor (3) subtracts the 
correction signal from the scanned signal. 

8. The transmitter according to Claim 7, wherein the 
processor (3) repeatedly subtracts the correction signal from 
the wireless signals, the processor (3) determining the 
correction signal again for each correction. 

9. The transmitter according to Claim 8, wherein the 
processor (3) subtracts the correction signal until the 
amplitude values of the wireless signals are at most equal to 
the predefined threshold. 
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10. The transmitter according to Claim 8, wherein the 
processor (3) subtracts the correction signal from the 
wireless signals for as long as a predefined value designates. 

11. The transmitter according to Claim 9 or 10, wherein the 
processor (3) generates Gauss pulses as the correction signal. 

12. The transmitter according to Claim 11, wherein the 
processor (3) performs overscanning on the signals distributed 
to sub-carriers. 
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Abstract 

A method of transmitting wireless signals and a transmitter 
for transmitting wireless signals are proposed, respectively, 
5 which are used to optimally operate an amplifier of the 

transmitter (8) in its linear range, signals being transmitted 
in orthogonal frequency division multiplexing (OFDM) . The 
amplitudes of the OFDM signals that lie above a predefined 
threshold are eliminated using an additive correction signal, 

10 the phase of the OFDM signals being impressed on the additive 
correction signal. Furthermore, a correction signal is formed 
and subtracted from the OFDM signals until there are no more 
amplitudes of the OFDM signal above the predefined threshold. 
Gauss pulses are used as correction signals due to their 

15 simple handling. Overscanning of the OFDM signals is used to 
determine the amplitude values of the OFDM signals. 
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sought on the invention entitled METHOD OF TRANSMITTING 
WIRELESS SIGNALS AND TRANSMITTER FOR TRANSMITTING WIRELESS 
SIGNALS, the specification of which was filed as International 
Application PCT/DE00/03020 on September 2, 2000; 
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accordance with Title 37, Code of Federal Regulations, 
§ 1.56 (a) . 
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